A study of pseudorabies virus (PRV)-vaccinated pigs comparing the immune responses detected by the latex agglutination test (LAT) with responses detected by other routine tests for pseudorabies antibodies indicated that LAT was more sensitive than either the enzyme-linked immunosorbent assay (ELISA) or the serum virus neutralization test (SVNT). The LAT detected antibodies sooner than ELISA and SVNT in unvaccinated pigs after challenge with virulent PRV. The specificities of the 3 tests were found to be near 100%. The LAT is a good alternative to SVNT or ELISA for detection of PRV-specific antibodies.
Pseudorabies is a viral infection of swine and other animals 4 estimated to cost the US swine industry more than 21 million dollars per year? Pilot pseudorabies virus (PRV) eradication projects were carried out in 5 US states between 1983 and 1986. These states have since continued and expanded PRV control. Currently, a national PRV eradication program is being proposed. Diagnostic procedures, both serological and virological, are very important in the development of a program to control PRV infection.
The main serological tests for PRV-specific antibodies are the serum virus neutralization test (SVNT) 6 and the enzyme-linked immunosorbent assay (ELISA). l2 Complement fixation, 1 agar gel immunodiffusion, and a radial immunodiffusion enzyme assay (RIDEA) test have been described. ' The SVNT has been the standard by which other diagnostic tests for PRV have been compared. The ELISA, also an official test for detection of PRV-specific antibodies, has become widely used in the 1980's. The test is based on PRV-specific antibodies binding to PRV-specific antigens rather than on virus neutralization.
The ELISA is reportedly more sensitive than SVNT in the detection of PRV-specific antibodies, especially early in the immune response to PRV antigens. 9 The higher sensitivity of ELISA versus SVNT may be related to the detection of different antibody classes by the 2 tests. The SVNT detects primarily immunoglobulin G while ELISA detects both immunoglobulins G and M, depending on the specificity of the conjugate.
A latex agglutination test (LAT) became available in 1986 and is approved for the detection of PRVspecific antibodies. In this test, microscopic latex beads, coated with PRV antigens, agglutinate in the presence of PRV-specific antibody. The results of this agglutination are noted visually, without magnification, and are available in less than 10 minutes. This test showed promise for field applications where rapid results are necessary and compared favorably to SVNT and ELISA in preliminary studies.
The objectives of the present study were to describe and compare the immunologic responses of pigs to PRV antigens as detected by 3 serological procedures: SVNT, ELISA, and LAT. 
Materials and methods
Fifty-six 4-wk-old pigs were acquired from a herd known to be free of PRV infection. The pigs were randomly assigned to 10 groups: 5 pigs each to groups 1, 2, 3, 4, 5, 6, 7, and 9; 6 pigs to group 8; and 10 pigs to group 10. The groups of pigs were housed in separate isolation units. Two weeks after acquiring the pigs, each animal in groups 1, 2, 5, and 6 received 2 doses of an inactivated whole virion vaccine a (groups 1 and 2) or of a subunit vaccine l0 (groups 5 and 6). The 2 doses were given 21 days apart. One dose of either a conventional modified-live virion (MLV) b or a thymidine kinase-negative strain vaccine c (TK-) was administered to each pig in groups 3, 4, 7, and 8. Pigs in groups 3 and 4 received the conventional MLV vaccine whereas those pigs in groups 7 and 8 received the TK-vaccine. Pigs in groups 2, 4, 6, 8, and 10 were then challenged intranasally with l0 4 plaque-forming units of virulent PRV (Iowa strain, also known as Wilson strain and S62/26). 2 Descriptions of each group of pigs are given in Table 1 .
Serum was collected from blood samples drawn from each animal 1 and 2 wk after their acquisition. Additional samples were then collected over a 3-mo period starting with the first exposure of pigs to PRV antigens. The interval between collections varied from every other day, during time periods where primary or secondary (anamnestic) immunologic responses were expected, to weekly.
All serum samples were assessed for PRV-specific antibodies by SVNT, 6 after heat inactivation at 56 C for 30 min, Table 2 . Latex agglutination test (LAT), serum virus neutralization test (SVNT), and ELISA results on 51 pigs exposed to pseudorabies virus (PRV) vaccines and/or virulent PRV. Treatment * Pigs testing positive by LAT, positive by SVNT, and positive by ELISA (+, +, +). † Other combinations of test results in LAT, SVNT, and ELISA order: -, -, +; -, +, -; -, +, +; +, -, +; and +, +, -. ‡ n.s. = no statistically significant difference between the tests. § Three pigs tested LAT + , SVNT -, and ELISA+. and were also tested by ELISA, 12 without heat inactivation. d supplied by the manufacturer" was then placed in each well. Serum virus neutralization titers of 1:2 or higher were con-The plates were agitated on a rocker machine for about 6 sidered positive. The ELISA results were expressed as pos-min and agglutination was read with the aid of an oblique itive or negative. light source. Based on previous unpublished studies in our Dilutions of the sera were also assayed by LAT, without laboratory, LAT titers of 1:8 or higher were considered posheat inactivation. Two-fold dilutions of sera were made diitive. rectly on agglutination plates, and the latex bead preparation
The sensitivities of LAT, SVNT, and ELISA were calcu- lated as the proportion of pigs testing positive of all those pigs exposed to PRV antigens. For example: sensitivity,,, = number of pigs testing LAT ≥ 8 number of pigs exposed to PRV antigens
The specificities of the tests were the proportion of pigs testing negative of the pigs not exposed to PRV antigens. 3 For example: specificity,,, = number of pigs testing LAT ≤ 4 number of pigs not exposed to PRV antigens Results were analyzed by a repeated measures technique for categorical data. 8, 11 Hypothesis testing was based on chisquare distributions.
Results
A total of 1,063 serum samples were collected from the 56 pigs in this study. Eight hundred ninety of the samples were collected from the 51 pigs that had been exposed to PRV antigens. All pigs developed PRVspecific antibodies after exposure to PRV vaccines and/ or virulent PRV. The immune responses of the 51 pigs to the different types of PRV antigens are illustrated in Fig. 1 . Immune response curves were similar among the pigs given killed-type vaccines a 10 and among the pigs in groups given MLV vaccines. b,c Primary antibody responses were observed after the first exposure of pigs to either virulent PRV or one of the PRV vaccines. Anamnestic responses were noted in pigs after their second exposure to antigens. These immune responses were evident by both LAT and SVNT; however, the primary responses detected by SVNT were less pronounced than those detected by LAT, especially in pigs vaccinated with the killed-type vaccines. In all instances, the antibody titers detected by LAT were equal to or higher than those detected by the SVNT.
The results of LAT, SVNT, and ELISA were classified as positive and negative and are summarized in Table 2 . The LAT appeared to be more sensitive than day 8, the differences were statistically significant (P SVNT and ELISA in detecting PRV vaccine-induced < 0.01). Seroconversion in all pigs and by all 3 diagantibodies. Data were collated on the 20 pigs vacci-nostic tests was evident on the 12th day after challenge nated with 1 of 4 PRV vaccines but not exposed to and thereafter. virulent PRV (groups 2, 4, 6, and 8). Results of LAT Serologic test results from pigs before exposure to were significantly different from those of SVNT and PRV antigens indicated high specificities for each of ELISA on days 6, 8, 10, 14, 18, 23, and 27 after initial the 3 diagnostic tests. On initial testing of the 56 pigs, vaccination (P ≤ 0.05). Twenty different pigs (groups 55 (98.2%) were negative by SVNT, 55 (98.2%) were 1, 3, 5, and 7) were vaccinated with 1 of the 4 vaccines negative by ELISA, and 56 (100%) were negative by and then challenged with virulent PRV. Significant dif-LAT. All 56 samples collected 1 week later were negferences between results of LAT and the other 2 di-ative by all 3 diagnostic tests. One hundred seventyagnostic tests were reported on days 6, 8, 10, 14, 18, three total samples were collected from swine that had and 21 after vaccination (P ≤ 0.05). The sensitivities not been exposed to PRV antigens. Figure 3 depicts of LAT, SVNT, and ELISA for PRV-specific antibod-the changes in sensitivity and specificity of LAT and ies after exposure of the 51 pigs to PRV antigens are SVNT with thresholdvalues of 1:2, 1:4, 1:8, 1:16, 1:32, illustrated in Fig. 2. 1:64, and 1:128. The specificity of the LAT appeared In the 10 unvaccinated pigs challenged with virulent to be highest at threshold values of 1:8 and greater. PRV (group 10), LAT detected seroconversion earlier than either SVNT or ELISA. Seroconversion was de-Discussion tected with LAT on day 6 (6 days postchallenge) in 3 Sensitivities and specificities of new diagnostic tests pigs. In comparison, ELISA detected seroconversion are often reported relative to a standard test already for the first time on day 8 (3 pigs) and SVNT first in use. In this study, the exact status of each exposure detected seroconversion on day 10 (9 pigs). The great-of the pigs to PRV antigens was known and tightly est contrast among results of the 3 tests was apparent controlled. Thus, sensitivities and specificities were on day 8. The LAT detected PRV-specific antibodies based on the true exposure status of the pig, rather than in 10, ELISA detected antibodies in 3, and SVNT de-on comparison among serological tests. tected antibodies in none of the challenged pigs. On
The LAT proved to be more sensitive than SVNT and ELISA in detecting vaccine-induced antibodies. Significant differences in sensitivity were noted from 6 to 27 days after the administration of the vaccines. In vaccinated pigs that were subsequently challenged with virulent PRV, LAT was also more sensitive than the other 2 tests during generation of the immune response. The LAT was also more sensitive than SVNT and ELISA in detecting PRV infection-induced antibodies. After the challenge of 10 unvaccinated pigs, LAT detected PRV infection 4 days earlier than SVNT and 2 days earlier than ELISA. On the eighth day after challenge, LAT detected significantly more infected animals than either ELISA or SVNT. We speculate that the high antigenic mass generated in the infected pigs following challenge caused rapid seroconversion as detected by all 3 tests; the intense response may have obscured additional differences between the results of LAT, SVNT, and ELISA. The reported differences in sensitivity may be based on contrasting abilities of the SVNT, ELISA, and LAT to detect different immunoglobulin classes and/or their utilization of different diagnostic antigens. No attempt was made in this study to identify the immunoglobulins. The specificities of SVNT, ELISA, and LAT were all nearly 100%. "False positives" occur when known negative animals test positive. A diagnostic test with high specificity will produce few false positives. The LAT results of 173 serum samples from 56 pigs indicated that at the 1:8 dilution, there were no false positives. Disease control officials will note an increased number of reactor swine when using LAT compared to SVNT or ELISA for monitoring a herd using PRV vaccine. These are probably not false positives; rather, they result from LAT being more sensitive. As the use of genetically engineered gene deletion vaccines becomes widespread, there is potential for the development of LAT-based diagnostic kits that incorporate gene deleted antigens and that would be more sensitive than existing tests based on ELISA technology.
As the area-wide prevalence of PRV infection is reduced by eradication programs, it will become more important to detect every infected herd of swine. Emphasis on more sensitive diagnosis tests for PRV-specific antibodies will also become more important. In this study, LAT proved more sensitive and as specific as either ELISA or SVNT. We conclude that LAT is a good alternative to SVNT or ELISA for detection of PRV-specific antibodies.
